Mycetoma is a devastating neglected tropical disease, caused by various fungal 25 and bacterial pathogens. Correct diagnosis to the species level is mandatory for 26 proper treatment. In endemic areas, various diagnostic tests and techniques are 27 in use to achieve that, and that includes grain culture, surgical biopsy 28 histopathological examination, fine needle aspiration cytological (FNAC) 29 examination and in certain centres molecular diagnosis such as PCR. 30 In this retrospective study, the sensitivity, specificity and diagnostic accuracy of 31 grain culture, surgical biopsy histopathological examination and FNAC to identify 32 the mycetoma causative organisms were determined. The histopathological 33 examination appeared to have better sensitivity and specificity.
138 was checked daily. The isolates were identified by their microscopical appearance 139 and biochemical testing. 143 The aspirate was allowed to air dry and was stained using Diff-Quick stain. The 144 stained aspirates were examined by an expert histopathologist for the presence of 145 the following cytomorphological features: smears cellularity, the host inflammatory 146 tissue reaction, the presence and types of the causative organisms' grains. Species 147 identification was based on species-specific criteria. In general, M. mycetomatis 148 grains can be either small or large, are light to dark brown in colour and have 149 irregular outlines and a crushing artefact when stained with hematoxylin and eosin 150 (H&E) ( Fig. 2A) . 151 S. somaliensis grains are difficult to see in H&E stained sections, they stain bright 152 pink to hazy pink in colour, are often oval to irregular shaped and can be as 153 aggregates (Fig. 2C ). 154 A. madurae grains are small oval shaped, and it stained pink to red colour in H&E 155 and tend to be as one mass without any fractures. A. pelletierii grains are small 156 rounded to oval shaped, and they stained deep blue in H&E stained sections and 157 tend to be fractured. The mean time to identify the culture isolates was 16 days (range 5 to 28 days), for 251 histology it was 3.5 days (range 2 to 5 days), and for cytology, it was one day (range 252 1 to 2 days). This demonstrated that reliable species identification using histology 253 was obtained in 92.0% of cases within an average time reduction of 13.5 days, for 254 cytology this was 71.4% of cases with time reduction of 15 days, indicating that 255 adding histology or cytology to the diagnostic techniques used for species 256 identification resulted in an earlier start of treatment. 272 This study showed that the histopathology was more accurate to FNAC in terms of 273 [37, 40] . 292 In the black grains of F. senegalensis, the centre is non-pigmented, and the cement 293 is absent, whereas at the peripheries the grains are dark coloured and brown cement 294 is present. However, this is also seen in black grains of Trematosphaeria grisea and 295 certain grains of M. mycetomatis. Hence an expert pathologist is needed to 296 differentiate between these organisms [41] . 308 pelletieri also Actinomadura latina was described [44] . 309 310 In this study, the sensitivity of histopathological technique was superior to that FNAC 311 for all species tested. In that study they studied the performance of FNAC in 312 comparison to histology in 19 different mycetoma patients. Out of these 19 patients, 313 five patients had to be excluded due to inadequate aspirated materials. From the 14 314 remaining patients, 10 were diagnosed as M. mycetomatis with histopathology, and 315 4 were actinomycetoma. With this limited number of patients, they could conclude 316 that FNAC could identify the causative agent in 9 out of 10 M. mycetomatis patients. 317 One patient identified by histology could not be identified with cytology, again 318 confirming that histology was superior to FNAC in respect to species identification 319 [15] . A result confirmed in our current study, as in our study 146 patients with M. 320 mycetomatis mycetoma were missed with FNAC. However, of the three different 321 identification methods used, FNAC was the most rapid and resulted in a species 322 identification within 1 day, instead of 3.5 days for histology or 16 days for culture. 323 FNAC is a simple and rapid diagnostic technique which can be used at the one-stop 324 diagnosis clinic and in epidemiological and field surveys. However, it has many 325 limitations: it is an operator dependent technique, can be painful and can lead to 326 deep-seated bacterial infection. At the moment the fine needle aspirate is often taken 327 blindly without guidance of ultrasound imaging which creates a risk that the operator 328 might miss the pockets which contains grains. With the use of the ultrasound-guided 329 aspiration, the diagnostic yield of the technique will improve which in its turn could 330 enhance the number of cases in which a positive species identification might be 331 obtained.
333
The grains culture remains in many centres the cornerstone for the diagnosis of 334 mycetoma. However it is a time-consuming procedure and an experienced 335 microbiologist is needed to identify the organisms to the species level. Cross-336 contamination is a common problem. However, by complementing culturing with 337 histology or FNAC a preliminary identification might be obtained earlier. 
